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I .  ABSTRACT 

5%6 $8 
During t h e  developrnent of t h e  s ter i l izable  Geiger-Muller tubes,  

it was no t i ced  t h a t  a nuvlber ofthe t h i n  laica end window tubes ,  Type 6226, 

exh ib i t ed  a downward change i n  s t a r t i n g  voltaRe, This.occurred most often 

during t h e  dry hea t  sterilization cycles,  

The drop i n  s t a r t i n g  voltaee was bel ieved a t t r i b u t a b l e  t o  a slow 

chemical reaction between the  ch lor ine  content of t h e  f i l l i n g  gas mixture 

and the base material of t h e  cathode. I t  was f u r t h e r  bel ieved t h a t  by 

c ladding  the cathode surfaces w i t h  a pro tec t ive  coating o f  r e s i s t a n t  metal 

t h i s  d i f f i c u l t y  could be el iminated.  

A thorough inves t iga t ion  of p l a t i n g  and processing teChniQUeS 

was made i n  o rde r  t o  obta in  clad cathode surfaces which were both mechanically 

and microscopical ly  perfect and which would provide p ro tec t ion  of t h e  cathode 

base iaaterial , &LJ 7-H D / z  
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11. INTRODUCTION IWD TARGET REQUIREbENTS 

Pearl S t r e e t ,  Brooklyn, New York, on t h e  study and development of t h e  

s t e r i l i z a b l e  Geiger-btuller Tubes (Contract J P L  No. 951240) for  the  Jet 

Propulsion Laboratory, Pasadena, Cal i fornia ,  under the  cognizance of t h e  

J P L  Pro jec t  Monitor, Robert A. Wengert . t 

The objec t ives  of t h i s  program wer8: 

1. To conduct a study and develop techniques t o  optimize t h e  

condi t ions of t h e  i n t e rna l  sur faces  of s t e r i l i z a b l e  Geiger- 

Muller tubes  which were developed by t h e  EON Corporation 

under JPL Contract No. 950681, so as t o  resist t h e  cor ros ive  

ac t ion  of t h e  halogen quenching gas mixture. 

2. To study and determine t h e  optimum composition of t h e  mixture 

of gases  which make up the  gas f i l l  of t h e  tubes.  

3. To.evaluate t h e  effect on t h e  r e l i a b i l i t y  of t h e  tubes 

m, su l t i ng  f r o m  t h e  development e f f o r t .  

A l l  tubes  must s a t i s f y  t h e  requirements as spec i f i ed  i n  J P L  

Statement  of Work SW-3171A, S t e r i l i z a b l e  Geiger-Muller Tubes, dated 2 3  

January 1964. These requirements coqr i re  t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s ,  

t h e  a b i l i t y  t o  be s t e r i l i z e d ,  t h e  ruggedness o f  t h e  tubes  and the  physical  

dimensions. The required t a r g e t  spec i f ica t ions  have been reproduced i n  

Appendix A. 
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111. METHOD OF APPROACH 

To achieve optimum e l e c t r i c a l  and opera t iona l  c h a r a c t e r i s t i c s  i n  

a halogen quenched Geiger-?fuller tube certain precaut ions  i n  t h e  manu- 

fac tur ing  process must be observed t o  prevent chornieal combination of 

t h e  halogen gas (which i n  most cases is ch lo r ine )  w i t h  t h e  n e t a l  p a r t s  

used i n  t h e  cons t ruc t ion  of CeiRer-Muller tubes. 

I t  should be remembered t h a t  c h l o r i n e  is c h e s i c a l l y  an extremely 

a c t i v e  material. Copper, i ron,  lead,  n i cke l ,  platinum, s i l v e r ,  steel and 

tantalum are c h m i c a l l y  r e s i s t a n t  t o  d r y  ch lo r ine  only  at temperatures  

below 230' F. 

r o o m  temperature. 

i n  dry  ch lor ine .  

c h l o r i d e  (CrC12) ,  

Geiger-hbl ler  tube cathodes ( e spec ia l ly  when t h e  tubes are used for opera t ion  

at  h ighe r  than  mom temperatures) are p l a t e d  on t h e  i n s i d e  with one and 

sornetimcs two noble  lnstals which are not r e a d i l y  a t tacked  by t h e  halogen 

gas. 

firing, gene ra l ly  p l a t e d  first with rhodium. 

c o a t i n g  of platinum is then  deposited. 

d i f f i c u l t y  i n  p l a t i n g  platinum d i r e c t l y  onto  t h e  steel a l l o y  sur face ,  which 

Titanium reacts spontaneously with anhydrous c h l o r i n e  at 

Platinum is s u i t a b l e  for temperatures up t o  SOOo F 

Chromim reacts with ch lo r ine  a t  600° C t o  forn chromium 

To prevent and/or minimize t h e  effects of t h i s  r eac t ion ,  

The stainless steel cathodes are, after chemical cleaning and vacuum 

On t o p  of t h i s  material, a 

Rhodium i s  used because of t h e  
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i n  t h i s  case is a 446 a l l o y  (72% Fe, 28# Cr). 

smsitP;?ty rf the Geiger-Yiiier t ube  because of its h i g h  absorption co- 

e f f i c i e n t .  

Platinurn a l s o  increases the 

In spite of these precautions,  som of the tubes continued to 

e x h i b i t  a drop i n  s t a r t i n g  vo l t age  while o t h e r s  remained p e r f e c t l y  s t ab le .  

This can be explained by the fact t h a t  the p l a t i n g  is o f t e n  porous t h u s  

pe rmi t t i ng  the chlorine to penetrate the p l a t i n g  and to attack the base 

isaterial, OT t h a t  apprec iab le  sections of steel remain unplated thus pre-. 

s e n t i n g  nnproaatcted areas of steel which can react w i t h  t h e  halogen gas, 

The o r i g i n a l  concept w i t h  regard t o  p l a t i n g  of t h o  electrodes has 

been, t h a t  because t h e  surface area of the cathode tis ‘so great. w ‘eermpilksd 

t b  t h a t .  of t h e  anode, only  t h e  cathode required p la t ing .  

however, i nd ica t ed  that the  anode too nay require p l a t i n g  tn order t o  make 

it resistant t o  the corrosive ac t ion  of t h e  halogen gases. The anode p n -  

sents a number of unusual problems because of its small diameter. P l a t i n g  

of t h e  anode becows very critical because it can provide a source of 

minute i r r e g u l a r i t i e s  which w i l l  s e r ious ly  affect the magnitude of t h o  

electric g rad ien t  at its surface. ‘ 6  . Microscopic irragulsritles 

w i l l  for  oxaniple inmediately give rise to  f i e l d  emission, causing a steep 

plateau and poss ib ly  continuous discharge, 

i n  t h e  past t h e  anode was simply passivated using concentrated su lpku t i c  

Some resul ts ,  

This  is one of t h e  reasons why 
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ac id  p l u s  a s u i t a b l e  i n b i b i t o r ,  

tumd crystals 04 i ron  are mche6 out ieaving ai s i i i ~ t h  S u i f S C G  of ckCd*=. 

Chromium is one of the metals which has great r e s i s t a n c e  t o  corros ion  by 

t h e  halogens. Test r c s u l t s  i nd ica t ed  t h a t  we did not have a homogeneous 

chromium sur face  and we t h e r e f o r e  had to r e s o r t  to p la t ing .  

the anode had t o  b e  c a r e f u l l y  polished t o  provide a uniformly smooth and 

continuous p h t e d  surfaee. ' 

The pass iva t ion  process  is one in which fnc- 

After p l a t i n g  

* 

Other m e t a l l i c  elements in  t h e  tube  a l s o  had t o  be considered. 

One of these is t h e  stainless steel anode support. 

t o  which t h e  anode wire i s  mechanically a t tached  and which i s  also f a b r i -  

ca t ed  from t h e  same iron-chromium a l l o y  as t h e  cathode and anode because 

of the raquirements f o r  equal thermal expansion. Unless t h i s  same a l l o y  

is u t i l i z e d  it would not be p o s s i b l e  t o  f a b r i c a t e  the ceramic t o  metal 

seal which can be operated over the required temperature range. 

support is usua l ly  larger than  the anode itself. 

point  on t h e  anode support could again r e s u l t  i n  c r e a t i n g  a l a r g e  and un- 

d e s i r a b l e  grad ien t  i n  t h i s  region. 

This supbrt is %he*-p.rt 

The anode 

However, (I microscopic 

.4nother problem t o  be considered is the degree of oxida t ion  of 

t h e  base material. 

In  general  when a tube is p la t ed  t h e  p l a t i n g  is appl ied  t o  t h e  

base metal which has not been.purposdy oxidized. A s l i g h t l y  oxidized 
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stainless steel surface has t h e  proper work func t ion  for optinnun opera t ion  
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However, it is t h i s  same oxidatLon which very o f t e n  prevents  proper 

adherence of t h e  p l a t i n g  t o  t h e  base material .  

To summarize, it was proposed t o  make a very thorough invesLgat ,an 

o f  a l l  t h e  f a c t o r s  which con t r ibu te  t o  t h e  problem of c rea t ing  p l a t ed  sur- 

faces which are both mechanically and microscopically per fec t  using base 

amterials which a re  p re sen t ly  ava i l ab le  and p l a t i n g  inaterials which are 

known t o  b e  resistqt t o  the corros ive  ac t ion  of t h e  ch lo r ine  gas ad- 

n i X t U Z V .  

The tube type t o  be used f o r  these inves t iga t ions  was Tube Type 

This type was developed by t h e  EON Coworation for the  J P L  Contract 6226. 

No. J P L - C P F F - 9 5 0 6 8 1 .  (Fig. 1 )  

Tube Type 5112R which was also developed fo r  t h e  J P L  Contract,  

d id  not  exh ib i t  any problems. 

e x h i b i t  t h e  change i n  s t a r t i n g  voltage because of i ts  smaller sur face  t o  

volume ratio. 

It is believed t h a t  t h e  5112R d id  not 

This  seems apparent from t h e  following computation: 
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5112R 

Length: Z-is, 

I.D.: 0.726" 

- 6226 - 
16" LenFr..?: i-l!4" 

1 . D .  : 0.250" 

Area: 6,695 square inches Area: 0.3S1 square inches 

Volume: 1.215 cubic i n .  Volume: 0.061 cubic  i n .  

Surface Area 
Pol utne 5,5 Surface Area 

Vo 1 me = 16 

Thus, t h e  su r face  area t o  volume ratio of t h e  Tube Type 6226 is 

approximately t h r e e  times as grea t  as  t h e  surface area t o  volume r a t i o  for 

t h e  tube  type  5112E. 

Tube Tme 6226 u t i l i z e s  R stainless steel cathode, a F o s t e r i t e  

ceramic i n s u l a t o r ,  a s t a i n l e s s  s teel  anode m d  anode support and a thin 

mica end window with a s t a i n l e s s  steel stronRback. Since t h e  tubes  used 

for t h i s  con t r ac t  wcrc intended f o r  d r y  heat s t e r i l i z a t i o n  cycles only, the 

st ronzbncks which were used on tubes i n  the previous contract because of t h e  

requirement f o r  gas s t e r i l i z a t i o n  i n  p a r t i a l  vacuum and vacuum storage w e r e  

omitted. 

s t a n t i a l l y  the same lis arrived a t  when t h e  s t e r i l i z a b l e  version of t h i s  t ube  

type was developed, 

ment s t a g e s  of t h e  t a s k  t o  s tudy t h e  e f f e c t s  of variation in composition. 

Otherwise t h e  cons t ruc t ion  of t h e s e  tubes  and gas f i l ls  are sub- 

Gas compositions were however var i ed  during t h e  develop- 
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I t  was i n i t i a l l y  intended t o  s t a r t  t h e  inves t iga t ion  with f i v e  

l o t s  cons i s t ing  of twenty (20) tubes  each. 

One l o t  t o  be p la t ed  with rhodium only,  another l o t  with rhodium 

on t o p  of which a thin layer of  platinum was t o  be de<osited. 

of t h e  cathodes t o  be chromium pla ted .  

t o  be f i r e d  i n  w e t  hydroyen t o  obta in  a ,ve ry  hard and s t a b l e  chromic oxide. 

The balance 

A num6er of  chromium p la t ed  cathodes 

Some of t h e  oxidized and non-oxidized clirnmiwn p la ted  cathodes t o  

be p l a t e d  w i t h  a t h i n  l a y e r  of platinum. 

without platinum p la t ing .  

An adequate number t o  be evaluated 

A l l  i n t e rna l  members were t o  be chromium plated.  

The f i l l i n g  gas mixture t o  be used was t o  be s u b s t a n t i a l l y  t h e  sane a s  

arrived a t  when t h e  s t e r i l i z a b l e  tube  was developed, 

the bes t  performance i ~ o u l d  then be chosen for  furthcr inves t iga t ion  of t h e  

optimum pas mixture. 

The l o t  which shows 

After consul ta t ion  w i t h  .IPL encinecrs,  it was agreed t o  drop 

f u r t h e r  i nves t iga t ion  of t h e  rhodium and rhodium-platinum cathodes because 

some work on t h e s e  combinations had already been done during the provious 

con t ract . 
The decis ion  t o  use chromium as p l a t i n g  material for the cathode 

and anode was a r r i v e d  a t  f r o m  a study of t h e  spec ia l  yroyerties which are 

exh ib i t ed  by chromium and are not possessed by any o t h e r  suitable mater ia l s .  

The most important of these properties are hardness, adhesion and corrosion 
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rm condi r ions  ro that of such nobie nretais a5 goid and piatinurn. 

r e s i s t a n c e  of chromium is due t o  i ts  capaci ty  t o  became and remain passive, 

a c h a r a c t e r i s t i c  t h a t  chromium has in much Treater degrce than o t h e r  metals. 

For t h e  davelcpmcnt and maintenance of t h e  passive condi t ion,  exposure i n  

oxid iz ing  atmosphcrcs i s  necessary. 

i r t e  corrcjsiup 

I n  fact t h e  coremonly acccpted explana- 

tion of t h e  passivity of chromium is  the  existence of a protect ive l a y e r  of  

chromium oxides.  For each appl ica t ion ,  the most desirable th ickness  of t h e  

chromium p l a t i n g  has t o  be determinod e q i r i c a l l y .  

is required,  r e l a t i v e l y  heavy deposits o f  chromium are required. 

and/or l ead  anodes which are insoluble i n  chromic acid so lu t ions  arc almost 

always used i n  chromium p l a t i n g  from chromic acid baths ,  

anodes is peneral ly  preferred.  The f i l m  of lead peroxide which fons on 

these anodes dubng use  causes the chromium t o  be reoxidized continuously 

to chromic acid. Anodes of  chemical lead can be used, but a s  compared 

with lead a l l o y  anodes, they are much more r e a d i l y  a t tacked  by t h e  so lu t ion  

and cause the  fornation of excessive mounts of lend chromate sludge. 

important to use t h i c k  enough anodcs t o  conduct t h e  high currents required 

for chrosiun pla t ing .  

tend t o  corrode and warp excessively during p la t ing .  

chromium plating cannot have too heavy or irregular a coa t ing  of l ead  

If high corrosion r e s i s t a n c e  

Platinum 

The use of lead 

I t  is 

Anodes that are too thin w i l l  ovwheat i n  use and 

Lead anades used in 
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peroxide on 

tomary t o  c 

m d  s c r a t c h  

thew o r  t h e  current d i s t r i b u t i o n  may be a f f ec t ed ,  I t  i s  cus- 

em t h e  m o  es reyular ly .  

brushing, bu t  is  d i f f i c u l t  and frequently not a l l  t h e  semi 

This cleaning is  done by acid dips  

i n s u l a t  i n2  coat ing is removed. 

A high degrec of adhesion of chromium t o  steel is t h e  nom81 

r e s u l t  of p l a t i n g  i n  a hot chromic acid bath,  hut can bes t  be assured by 

e l e c t r o l y t i c  c leaning  o r  e tchin? o f  the  steel surface before chromium 

pla t ing .  

be p l a t e d  (as mode) a t  6 vo l t s  f o r  about a minute i n  chromic acid solution 

or i n  t h e  p l a t i n 2  bath.  Anodic e tching i n  s u l f u r i c  a c i d  at about 25" C for 

A s a t i s f a c t o r y  etch is obtained by t reatment  of steel parts t o  

about one minute gives the hiThest adhesion. Similar results can a l s o  be 

obtained by e l ec t ropo l i sh ing  o f  the p a r t s  before nlntin:. 
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I V .  TECttVI CAL DIFFICULT I CS ENCY)ltNTEItED 

The fol lowinp problems i n  the p l a t  in: s t u d i e s  were encountered: 

1. Obtaining t h e  r i g h t  amount of chromium depos i t  on t h e  i n t e r n a l  

cathode surfacc.  

Obtaining a uniform and smooth deposi t ,  2. 

3. Obtaining t h e  r i a h t  oxidation of t h e  chromium pla te .  

4. Depositing a t h i n  layer  o f  Flatinurn on t o p  of t h e  chromium 

n l  at e. . 

Some d i f f i c u l t i e s  were encountered when y l a t i n ~  t h e  i n s i d e  o f  t h e  

cathodes with chromium. 

csthodes and formed l i t t l e  globules  and heavy concent ra t ion  of chromium on 

o t h e r s ,  l eav ing  large areas unplated. 

it was no t i ced  t h a t  the  lead wire anodes had deformed. The ou t s ide  diameters  

were no longer uniform and t h e  surface of the anode wires was F i t t e d  and 

covered with a heavy l ayer  of l t a d  chromate sludge. The reason for t h i s  

difficulty was t h a t  t h e  anodes were made of chemical lead and were t o o  t h i n .  

Because t h e  w i r e  diameter was t o o  small the anodes o v e r h e a d  during t h e  pro- 

cess of plating!,  corroded m d  warped excessively,  t h u s  i tffecting t h e  uniform 

current d i s t r i b u t i o n .  

I t  was found t h a t  the p l a t i n ?  WRS spo t ty  on some 

When t h e  ? l a t i n o  f i x t u r e  was inspected, 
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To correct t h i s ,  a mold was made which permit ted us  t o  make 

heavier anodes using commercially ava i l ab le  lead ins tead  of chenica l  

, lead. The resul ts  showed a considerable  improvement i n  p l a t i n g  uniformity.  

I t  was found t h a t  t he ' r i gh t  th ickness  of t h e  p l a t i n s  and t h e  

Chromium d e n o s i t s  degree of oxida t ion  wcre of imperative importance. 

are gene ra l ly  q u i t e  good r eza rd le s s  of mdcrate v a r i a t i o n s  i n  the con- 

d i t i o n s  of t h e  p l a t i n g  as lona as s a t i s f a c t o r y  th ickness  i s  applied fo r  

t h e  intended use,  

in t h e  following heat t r e n t m t  while too t h i n  a coatin? would not  Rive 

enough p ro tec t ion  . t o  t h e  cathode material aga ins t  the corrosive a c t i o n  of 

the halogen gas. 

surface, 

longed heating of chromium p l a t e  t o  temperatures of t h e  o r d e r  of 315O C i n  

air, t h o  oxide  film th ickens  and darkens. 

colors are produced and 8 green-bluish oxide l a v e r  is f i n a l l y  formed. 

This green-bluish oxille layer r ep resen t s  a very s t ab le ,  hard and cor ros ive  

resist ant ciiroaic oxide. 

Too heavy a p l a t i n g  would form blisters and flake off 

Chrorrtiurn n l a t i n g  nonually has a very t h i n  oxide fi'ln! on i t s  

The p l a t i n g  remains briEht  a t  terareratures  up to 260' C. On pro- 

A t  higher  temperatures, temper 

Tubes mde with cathodes having t h i s  oxide showed excellent results 

after undergoing three dry heat s te r i l i za t ion  cycles ,  

I t  was o r i g i n a l l y  iirteiideci to ohtain this oxide by firing t h e  

cathodes in wet hydrogen. A nuebcr of cathodes were f i r e d  fo r  20 minutes 
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at 1000° C i n  net Iiydrogen. 

free then! of any occluded ByrIro~en. 

cathodes showed very poor r e s u l t s .  

i n  s t a r t i n g  vo l t age  which increased with each d ry  hea t  s t e r i l i z a t i o n  cycle. 

?is r e s u l t e d  i n  a s h i f t  o f  the  platenu i n  the d i r e c t i o n  of  i nc reas ing  

vol tage .  

not degassed a t  h i g h  enough t ecpe rn tu rc  a f t e r  t h e  f i r i n g  i n  hydroyen. 

of t h e  occluded pis 158s r e l eased  durin: t h e  opemt ion  of t h e  tubes,  t h u s  

increasing t h e  gas pressure, c o n t m i n a t i n c  thc f i l l i n g  g n s ,  r a i s i n g  t h e  

s t a r t i n g  voltage and s h i f t i n p  t h e  p la teau  townnls h igher  voltape.  

These cathodes were then  f i r e d  i n  vacuum t o  

The tubes which were made us ing  t h e s e  

A l l  tubes  showed a cons iderable  r i s e  

This could only be explained by t h e  fact  t h a t  t h e  cathodes were 

Some 

A nunber of cathodes which were oxidized i n  wet hydrocen were then  

vacuum fired a t  3 h i p h e r  t enpera ture .  

because of the b l i s t e r i n p  and peelinR of t h e  platiny,. 

it was found that soice p a r t l y  asser?hled tubes  w i t h  chromiur~ p l a t ed  cathodes 

when l e f t  f o r  some time on t h e  s h e l f  i n  a i r  ind ica ted  a change i n  t h e  co lo r  

of t h e  oxide t o  the des i red  degree. 

These catliodcs could not  be used 

I n  t h e  meilntime 

Because of t h e  d i f f i c u l t i e s  encountered with tubes the cathodes of 

which were oxidized i n  wet hydrogen, the f i r i n g  i n  hydroyen was discontinued. 

The amount of chromium p la t inp  weip;lit was a r r i v e d  a t  by depos i t i ng  

different amounts o f  chroaiun on s t a i n l e s s  steel s t r i p s  and then  oxidizing 

t h e  p l a t e d  strips i n  air i n  an oven at 580' C for  several hours. The s t r i p s  

SHEET I6 OF 
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were then  l e f t  for approximately t\;o wecks on she l f  exposed t o  air .  

s t r i p s  having a t h i n  chromiun p l s t e  hardly exhib i ted  3 change i n  the 

oxide color .  

became v i s i b l e .  

showed after two wecks on t h e  s h e l f  t h e  d i s t i n c t i v e  colors. Tlic s t r i p s  

which had a p l a t i n g  weight of more than 70 mg/cn2 showed pee l ing  of  t h e  

p l a t i n g  when oxidized and were the re fo re  discarded. 

The 

With increasinE ?In t in2  weight t h e  change i n  co lo r  

?lie s t r i p s  w i t h  A p la t in?  weizht between 56 ant1 62 ng/cm2 

We were not successEul i n  our efforts t o  deposi t  a Jaycr of 

platinum on chromium p la t ed  cathodes, some of whivh were oxidized, and 

some of %hick ucrc rrot. 

h'hencver it i s  des i red  t o  deposi t  another  n o t a l  on chromium, 

s p e c i a l  precaut ions are necessary, owing t o  t h e  pass ive  su r face  con- 

d i t i o n  of t h e  chromium. Th i s  condi t ion may be overcome by dipping t h e  

chrolaium su r face  i n  strong hydrochloric or other strong ac id  u n t i l  t h e  

chromium starts to e tch  and hydrogen is b r i s k l y  evolved. 

a d  p l a t i n g  should r e s u l t  in an adherent electro depos i t  o f  almost any 

metal. 

remove more chroaium than is permissible,  o r  result i n  Erettter du l l ing  

and roughening of t h e  su r face  than  is des i red .  

m y  be a c t i v a t e d  without e tch ing  by cathodic  c leaning i n  a l k a l i ,  

Quick r i n s i n g  

This procedure suffers f r o m  t h e  disadvantage t h a t  e tching may 

In such cases, the  chromium 

DATE: DATE: 
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sur face  e i t h e r , d i d  not  accept any platin: at  a l l  o r  the  r l a t i n u n  nl;rtiri$! 

peelcd o f f  imnediat elv. 

Several TRTC ne tn l  ant1 p l a t i n g  c o n s u ~ t a n t s  hnvc been consulted 

on t h i s  subject. Accorciinq t o  t h e  information received, it is almost 

impossible to deposit metal on ;t chromium su r face  because of thc 

chromium oxide which forms, the moment the chromium p l a t e d  surface is 

-ved f r o m  the plating bath.  

All p a r t s ,  a f t e r  havinq been rcccived frop t h e  r.achinc shop 

were deprensed, u l t r a s o n i c a l l y  clcaned zr,d vaciiun fired.  

weiclhed on a cheinic31 \rxlancc and placed i n  t h e  :> ln t in f !  f i x tu re .  

p l a t i n g  f i x t u r e  accepted 6 cathodes for simiiltnncotis 71atincr. 

had t o  be $.&en t o  c e n t e r  thc  Ie3d anodes within t h c  cathodes. 

The cathodes were 

The 

Special  care 

The f i x t u r e  

was t hen  lowered i n t o  the ?lass beaker containing t h e  cbromiurn plat inr!  

so lu t ion .  

a t  4 t o  6 v o l t s .  

making t h e  tub ing  the  cathode. 

Towards t h e  end of  this period,  one cnthocle was removed frorn t h e  f ixt i ire ,  

washed thoroughly i n  d i s t i l l e d  water, dried  i n  acetone and weighed. I f  

t h e  weight of t h e  p l a t i n g  was within t h e  predetermined va lue  o f  between 

Thc cathodes were then  anodical ly  cleaned f o r  10 t o  20 seconds 

Aftcr  t h e  cleanin? process, t h e  polar i ty  was reversed 

The Fla t inp  pmcess t o o l  about 90 minutes. 
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50 and 60 ng/c~?, t h e  remaining cathodes werc rcnoved fron t h e  p l a t i n g  

j i g ,  washed, d r i ed  and weighed t o  determine t h e  weight of t h c  p l a t i n g  

on each cathode. 

o r  above t h e  spcc i f i ed  value wcrc re jec ted .  

was s t r i p p e d  by immersion i n  30% hydrochloric acid.  

was removed, t h c  cathodes were thorourhly washed, d r i ed  and weighed aga in  

and then  rep la ted  by the  same procedure as outlined above. 

The cathodes having a p l a t i n g  weight which was below 

'The p l a t i n g  on t h e s c  cathodes 

After a l l  the chromium 

The composition of t h e  p l a t ing  so lu t ion  and p l a t i n g  condi t ions  

were as follows: 

55 oz/gal (413 g r / l t )  c lmnic  ac id  

12 g r / l t  sodium sulfate 

Current Ilensity: 2 anp/sq. i n .  of surfncc area 

Anodes: Lead a l l o y  
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v. TEST RESULTS AND EVALUATION SUMMARIES 

The test  r e s u l t s  am t abula ted  and enclosed i n  Appendix 8 .  

The test d a t a  conta ins  t h e  counting rates at t h r e e  p o i n t s  on t h e  

A l l  counts p l a t e a u ;  t h e  r e l a t i v e  p l a t eau  s lope  and t h e  background count. 

wem t aken  for a per iod  of t h r e e  minutes. 

average counting rates, i.e. 

The da tn  repor ted  are t h e  

The counts rccumulated i n  t h r e e  minute period 
3 

The tubes were t e s t e d  for t h e i r  electrical c h a r a c t e r i s t i c s  a f t e r  

exh8ust process ing  and than  subjec ted  t o  t h r e e  dry hea t  s t e r i l i z a t i o n  

cycles.  

l i z n t i o n  cycle.  The tubes  were not subjected t o  e i t h e r  gas  s t e r i l i z a t i o n  

or environmental tests because it was shown by t h e  work done under JPL 

Contract No. 950681 t h a t  t h i s  tube  cons t ruc t ion  w i l l  s a t i s f y  t h e  gas 

s t e r i l i z a t i o n  and a l l  environmental t e s t  requirements. 

Electrical tests were also performed after each dry  hea t  steri- 

Most tubes showed on ly  in s ign i f i can t  changes i n  p l a t eau  slope, counting 

rate and backgmund counts. 

wi th  each dry heat s t e r i l i z a t i o n  cycle can be  noticed. Some tubes  ( these  

were t h e  tube  with t h e  cathodes which were oxidized i n  wet hydrogen) show 

high  p l a t e a u s  t o  s ta r t  with and a d e t e r i o r a t i o n  of t h e  p l a t eau  s lope  with each 

On many tubes an i lpmvsment  i n  p l a t eau  s lope  
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dry heat s t e r i l i z a t i o n  cycle. 

s ec t ion  t o  some hydrogen being reaetsed by t h e  cathode during the dry  

hea t  steriliiation cycles.  On a feu of t h e  tabula ted  tubes  t h e  hack- 

ground readings were higher than specif ied.  

t h e  i n s i d e  surface of  other tubes  having h igher  background counts revealed 

t h e  presence of pin  ho le  like depressions and grooves which were not deep 

enough t o  cause leaks but which c e r t a i n l y  contr ibuted t o  h igher  background 

counts  and shrinkage during t h e  exhaust process due t o  discharge.  

cathodes were sent  out for honing of the inside sur faces  but t h e  t e s t  

This was duo, as mentioned i n  t h e  previous 

A microscopic inspec t ion  of 

Sone 

r e s u l t s  of these were st i l l  not  s a t i s f ac to ry .  

The following tubes  were f ab r i ca t ed  with cathodes which had been 

oxidized in wet hydrogen 

3451 

3460 

3463 

3467 

3489 

3499 

3504 

3507 

3522 

3532 

3554 
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A 1 1  other tubes were fabricated with cathodes oxidized in air: 
1957 3494 ;5;4 

3894 3495 3544 

3142 3497 3545 

3165 3502 3550 

3225 3512 3563 

3397 3518 3594 

3455 3524 3600 

3471 35 28 3643 

3491 3529 
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DATE 

The r e s u l t s  which are shown in Appendix B are t y p i c a l  of r e s u l t s  

obtained from many tubes which were fabricated.  

The best tubes were obtained by chromium p l a t i n g  of n l l  i n t e r n a l  

p m t s  as described i n  These tubes i n  peneral met  

a l l  of t h e  requirements and showed no droyping of s t a r t i n p  vol tages  as 

was evident  on tubes  made during the previous cont rac t ,  

vo l t ages  have been observed over a period of 2 t o  4 months. 

Section I V .  

The s t a r t i n g  

Although the target requirewnts of this program have been met, 

we have a number of recommendations t o  make which we bel ieve  worth con- 

sideration by JPL i n  fu r the r ing  t h i s  p a r t i c u l a r  program. 

A number of these  recornendations are important from the po in t  of 

view of being able to  exrend t h e i r  results t o  other de tec to r s  of t h e  same 

general design but  which have o t h e r  coniigurcrtioris. 

type d e t e c t o r  which bears  a r a t h e r  large and thin mica or metal window 

e.g. t h e  EON pancake 

REVISION A 1 REVISION e 

and which hits an extremely low background, as well as o t h e r  t y p e s  of 

halogen quenched de tec to r s  ~ h i c l i  are suitable for space probe work. 

REVISION C 

RECOMMENDATION NO. I 
- - - - - __ 

Some work was done i n  which the internal surfaces of the  d e t e c t o r s  
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were honed, Our i n i t i a l  results were extmmely disappointing, However 

we believe that t h i s  work should be carried forward, and that honing 

should be explored for the v irg in  surfaces themselves, and subsequently 

after plating,  The importance of honing is  that  it may be possible t o  

accept a wider rangc of f i n i s h  in the original tubing and wire, 

it is  very d i f f i c u l t  t o  repeatedly get material which meets OUT des ired 

A t  present 

requirements6r finish. 

we would be  able t o  accept nater ia ls  which presently must be rejected. 

I f  t he honing technique could be made t o  work, 

However, what is  more important is that the honing process would cause 

greater control during processing and provide for  greater r e l i a b i l i t y  

and y ie ld .  + 

RECOMMENDATION NO. ,Z 

The chromium technoloey should be carried further t o  determine 

how tho  specific oxides can be formed a t  wiii a i d  without resortin$! t o  a 

shelf aging process as was u t i l i z e d  here. 

A further investigation should be made to  determine specifically 

which of the oxides o f  chromium provides the  best surface, and work done 

to produce that spec i f i c  oxide to t h e  possible exclusion of t h e  others. 
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RECOPNEXFAT ION NO. 3 

DATE 

A larger nurnber of tul?cs should he fabr&ccated using the most 

recent techniques so t h a t  better stat ist ics  can be obtained. 

The samples which have alrcady been fabricated should be monitored 

for at l e a s t  6 to 12 months nom. 

be operated on an act ive  t y p e  of l i f e  test, and an q u a l  number should 

be set aside for she l f  life test. 

b r i n g  this time, these tubes should 

In this way it should a p l n  be  pos- 

sible to extract inforreation which w i l l  be mom meaningful than th8t 

obtained f r o m  t h e  very limited l i fe  t e s t s  alroady yerFomed. 
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I DATE DATE 

APPENDIX A 

DATE 

TUBE TYPE 6226: 
- . ,  

A. PHYSICAL RUJU IFE1.IENTS 

Diamter 0.344" nom. 

Len@ h 2'' max . 
Window Thickness 2 1.0 - 1.5 W/cm 

B, ELECTRICAL CHARACTERISTIC REQUIRE3ENTS 

Operating Voltage 800 V max, 

Plateau Length 75 V min. 

Plateau Slope 5%/100 V ma. 

Dead Time so usec mRx. 

C. 

Background due to cosmic 
rays at sea level 

STERILIZATION REQUIREMENTS 

1. 

5clmin. mag. 

DRY HEAT: 

d r y  nitrogen ataosphere. 

Three cycles - 36 hours each at 145O -.. 4 2 O  C in a 

After each high temperature run,- 

the tube shall be allowed to s t a b i l i z e  at room temperature. 

SHEET gq OF 
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D. 

2, CAS: 32 hours at  l l O o  + 10' F i n  8 gas mixture consisting of 

12% ethylone oxide an4 88% Freon 12 by weight. 

Relative huwidity shall be between 35 - 90%. 

- - 

EXVI ROXKEXTAL REQUIREMEYT'S: 

1 , STATIC 4CCELEI'dTXON 

+ 190 g for 20 minutes in each of 3 orthogonal directions. 

2. VXBRATION 

Sinusoidal vibration Swept at 1/2 octave/ain, as follows: 

a) t, 0.5" constant displacement 5 - 17 VS 

i.Il 5 g m  17 - 50 CPS 
r 

c) 15 g m s  so -100 cps 

d) 35g nns 100-2000 cps 

e) wide band noise  -2Sg w s  for 9 ninutes 15 - 2000 cpr 

3. SHOCK - 
( 5 blows in each direction along each of three axes) 

a) 

b) 

6 )  

4, T)tERXAL 

a) 

b) 

2 200 g teminal  peak sawtooth - 0 . 5 1 ~ ~  rise time 

i 150g teminal peak sawtooth - 5.0 RIS rise time 

+ 1000 g teminal  peak sawtooth - 3.0 mr rise time 

- 
- - 
12 days in  vacuum at 75O C 

4 days in vacuum at  -loo C 
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NBEIYPE 6 2 2 6  
BACK 
CROUND 
d. 

PLATEAU - 
8OOU. 709 g. 

Go57 7 
1, DRY HUT 4'5 6 

62CY 2. M Y  f(EAT 

G. CdY 

62s4 3 ? 4  

3 I4 

6 3 2 7  c I ) ,  7 6254 

/ # I  

6.344 6/37 6/39 3.9 

3 *4 7 
3455 

633'7 6.3 c3 5' 
6267 G/ qc 

6 2 2  7 

5974 

3 .J. k.  7 3 . 3  

Q e2 5- 6 2 0 c  

Ji3 94 6 / 4 2  /o 3 5 2  9 
8 627c c. 3c7 

t 2 k : q  
1 

/@ 3 * /  3.0. H- 
I 
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‘TUBETYPE 6226 
I BACK 1 

DATE PLATEAU DINTS - CP 

800% 7oou. 

6037 6205- 

7*/  I 3 11. DRY HEAT 6.537 6 / 4 3  
3 4 4 7  

2. DRY HEAT 
ij’c I 3 I 

3. DRY HEAT h/ - 5 - 4  7 

- 9  I 

349s 
6.270 

6 / 7 5  
34g4  

64c7 

6235 62 42 

G326 6 /42  

Go34 
3512 

6425 66387 

d c k  2 
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6226 TUBE TYPE 

DATE 1 BACK 
R.P.S. TEST mw? t 

8OOJ. 
-. 

I 

6 5?3 7 
1. DRY [IFAT 

2. DRY !EAT 

G ccg 

3468 
k d 4  592 7 

I 
6.3 I 

f3 76 
I. 

r57c  

-I- - -  ---- 
2'7  I 3 J  

- - - ----t----- 
700 4 6 3Jk- 
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DATE 
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TUBEWPE 6 2 2 6  
DATE TEST TUBE I 

1. DRY HEAT 

2. M Y  HEAT 
3545 

3. DRY HEAT 

==- 
I I 
I I 

1 I 

fq 5-7 1 

*. 3.0.4 - 

L 

t SHEET 34 OF 



POINTS 

- i" 4 I R.P.S. 
7sov. 80W. #'LWV. 

RACK 
TEST TUBE t 
I 

I 
9 11 

$2.7.64 

35 7i 
2 . 4  I 2. . DRY !IE.hT 3 

2 1  

3 4.57 

P. 7.6 7 2 . q  
I- 1 ---__._ -_ -- - +-- t I 

I-----t---- - t-----t - --- 

/ i 3 J k  I 
1 
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TUBE TYPE 

TUBE t 

3563 

1 

PLATEAU POINTS - CPM R.P.S. 
700 V, 750 w. 

! I 1 
- 

RACK 
GROUND TEST OATE 

5- i 
I 2 . K  1. DRY IIEAT 5- 
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DATE ISSUED 
e,ticfionjc-Optical-nuclcar ___ .- products ---- _---- I'%.. . 

175 PEARL 57 BROOKLYN. N Y i 1201 

TUBE TYPE I DATE 
PLATEAU POINTS - CPM 

.- TUBE # 
700 V. I 3 0  V. a;w. 

I I n 
I 1 

R.P.S. 
% /w4. 

GROUNn TEST 

.3 i 
1. DRY IIEAT *2 I 
2. DRY IIEAT 4 "/ 4 
3. DRY IITn.T 3 I I I 

'3 (- 
I -- 
I 

4 1  i' (2, 

? t - - - i -  

I- -----I-------- 

I 

t . .- 

"i 
--+-- 

:- ' 7 6 

-I------- -- 1 

I--- ;---- - .  ---.- _I+____-- -..- 
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ENGINEERING DATA 
<*--e... D *  

1R PEARL ST., BROOKLYN. N Y ,11201 D A T E  ISSUED: 

DATE. DATE: DATE 
RmtsroN A . REVISION B REV~SION C 

TUBE TYPE d 2 Z Q  
BACK 

GROUND 
C/R 

TEST DATE PLATEAU POINTS y C a ,  
8OOJ 

R.P.S. 
%!roo*. 

63r I-r3 4 

1. DRY HEAT ;? ' 7 

2. DRY HEAT 
1' / i 3 ' 3  

3; QRY HEAT 

3 

t '  
5 , J.2 .s '2 

i 

. .  
i - 6  i /  



ENG~NEERING DATA 
etectronic-Opf ical-nuciacrr products 

r o . l - 0 . l . .  * -  
DATE. ISSUED. 175 P U R L  ST.. BROOKLYN. N Y ,11201 

I=; 
DATE DATE. DATE. 

REVISON A REVISION 8 REVtSlON c 

.c 
BACK - R*P*So (laouluD fim PLATEAU POINTS - CPF! 

c 

'IUD8 I DATE 
700 

1 1. DRY HEAT 9, CL. 

'7. /E, 

1- 

t 



DATE: DATE DATE 
REVIS~ON A REVISION 6 REVISION C 

63 26 N B E  TYPE 

DATE PLATCAU POINTS - CPM -- - - - =, I 800 

I 
I 

R.P.S. TEST TUBE # 
'pc 3Ov. -- 700 

1, DRY HEAT 
~~ 

2 .  DRY HEAT E *4 2 

J .  DRY IEZT / 

2. 

/ 

-- _-- 

12.7 e 
- -----I 

I 

I 
2. 

/ 
--.-IC 

2 
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ENGINEER~NG DATA 

DATE ISSUED. 
eiectronic-Optical-nucltor products 

C D I ' O . . .  c). -- 
175 PEARL ST BROOKLYN, N Y 11201 

1 DATE DATE. DATE. 1 REvisiorr B 1 REVISION C Rwcston A 

TUBE TYPE 622% 

DATE 
BACK 
GROUND 

C h  
TEST TUBE t 

3 d ,  3 0  

I .  DRY IiEAT 

2. DRY HEAT 

e 

J i t  7 

3 
3. DRY W 4 T  

f .  I ) . &  € . 3 4  54 f 7 --- I -I--. 
2 0.4 *g. 7 5 

/ 

2 

i 
TTo-7 

3 

2 j 
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I DATE 1 DATE DATE 
REVISION A 1 REVISION B REVISION C I 

NBETIPE 62.26 

DATE TEST TUBE # 

I. DRY HEAT / 

2.  DRY HEAT 

3 .  DRY HEhT 

4 

2 

2 5-i 7 

3 !3 Y ..3 > 

---___---t- = I * ---t----- 

i 

Sf I 2 9.u 1" 3 
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I I 

I 1 - I  
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